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! 　　!  
Figure 1-3. 
1.1.3.  カリックスアレーン 
!
　 現在のホストゲスト化学分野において、最も研究されている大環状化合物の一つとし




































































































1.2.  アザカリックス[n]ピリジン（n = 3-8）と分子認識 
!























1.2.2.  環化５−１０量体とフラーレンの錯形成挙動 
!





定数は、104 - 105 M-1程度であり、フラーレンと包接錯体を形成する事が知られる環状体
の中で最も高い値を示している。なお、環サイズの小さいn = 4では、フラーレンと1:1の
錯体は形成されない事も報告されている。 !!






















































Figure 1-12. (a) Molecular structure of azacalix[3]pyridine, crystal structures of (b) the 
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(a) TMGN (b) TMGN•H+
top view side view top view side view
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MeCNpKBH+ = 23.1 Basicity Design MeCNpKBH+ = 27 ~ 30
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2.2.  アザカリックス[3]ピリジン誘導体の合成と構造解析 
!








を得るまでの各段階における詳細な合成結果をScheme 2-4 ~ 2-7に示す。 
!  !


























































































































































































































































!  / ppm 
Figure 2-9. 1H NMR spectra of (top) 3H•Br and (bottom) 3 (r.t., DMSO-d6, 400 MHz). !



































































































N-H+ chemical shift value
16.5 ppm in CDCl3
N-H+ chemical shift value
15.63 ppm in CDCl3
Me2N NMe2 Me2N NMe2H
+
3) proton sponge
N-H+ chemical shift value
19.0 ppm in CDCl3
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2.2.3.  単結晶X線構造解析 
!
　合成した2–4H•Brにおいては、単結晶が得られたため、単結晶X線構造解析を行った。得










Figure 2-11. Crystal structure of  2H•Br : (left) top view and (right) side view. 
!  
Figure 2-12. Crystal structure of  3H•Br : (left) top view and (right) side view. 
!  
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Figure 2-14. Crystal structures of  (a) proton sponge[19], (b) 1H•PF6 and (c) 3H•Br. !!!
!  
(a) TMGN (b) TMGN•H+



















Figure 2-15. Space-filling structures of (a) 1H•PF6 and (b) 3H•Br. 
top view
side view
(a) 1•HPF6 (b) 3•HBr
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24.3）やBTPP（MeCNpKBH+ = 28.4）、P2-Et（MeCNpKBH+ = 32.1）を用いた[21]。これらは、
緒言でも述べた Z. B. Maksić́らのDFT計算結果を参考にし、選出した。具体的な手法は、















ル中、3H•PF6とBTPP（MeCNpKBH+ = 28.4）を1:1.4で混合し、 1H NMRを室温で測定した。
このとき観測した1H NMRスペクトルをFigure 2-16に示す。 
!  
Figure 2-16. 1H NMR spectrum of a mixture of 3H•Br and BTPP (initial ratio of 1 : 1.4, 600 
MHz, in CD3CN). !



































[3 •H+ ] :[3](int egral) = 0.51:1= 1:1.96
[3 •H+ ] :[3](mol) = 1(1+1.96) :
1.96




















[BTPP • H+ ] :[BTPP] = 0.66216 : (1.3381− 0.66216) = 0.66216 : 0.6759
K = [3][BTPP •H
+ ]
[3 •H+ ][BTPP] =
0.662162
0.6759 × 0.3378 = 1.92008





































2.5.  Experimental section !
2.5.1.  General Information 
 The reagents were purchased from Aldrich, TCI, Kanto and Wako Chemicals, and 
were used without further purification. 2,6-Dibromo-4-nitropyridine were prepared by 
according to the literature methods.[22] Anhydrous solvents were purchased from Kanto 
Chemical. NMR spectra were recorded on a JEOL EX-270 and Bruker AVANCE-600 and 
400 NMR spectrometers. Elemental analyses were carried out with a Perkin-Elmer 
2400-CHN instrument. ESI-Mass spectra were recorded on an Applied Biosystems 
QStar Pulsar i spectrometer.  !!
2.5.2.  Synthesis ! !
1) 2,6-Dibromo-4-piperidinopyridine (5a) 
Preparation of 5a was carried out by a similar manner to that of 5b from 2,6-
dibromo-4-nitropyridine: 5a (70%). !
 1H NMR (400 MHz, CDCl3): δ = 1.63-1.67 (m, 6H), 3.33 (t, J = 5.6 Hz, 4H), 6.74 (s, 2H); 
13C{1H} NMR (100 MHz, CDCl3): δ = 24.1, 25.0, 47.5, 110.2, 141.2, 156.8; Calcd for 
C10H12Br2N2: C, 37.53; H, 3.78; N, 8.75; Found: C, 37.46; H, 3.93; N, 8.74. !
2) 2,6-Dibromo-4-pyrrolidinopyridine (5b) 
To a suspension of NaH (260 mg, 1.00 mmol; commercial 60% oil dispersion was 
washed thoroughly with hexane before use) in DMF (700 µL) at 0 °C, and then to the 
suspension was added slowly pyrrolidine (82.7 µL, 1.00 mmol). After that, to the mixture 
was added 2,6-dibromo-4-nitropyridine (281 mg, 1.00 mmol) in one portion at 0 °C. The 
reaction mixture was allowed to warm to room temperature and stirred for 3 h. The 
resulting mixture was cautiously quenched by the addition of water. The organic layer 
was separated. The aqueous layer was extracted with ethyl acetate. The combined 
organic layers were washed with brine, dried over Na2SO4, and concentrated in vacuo. 
The residue was purified by column chromatography on silica gel (ethyl acetate/hexane, 
1:7) to afford 5b (72%) as a white solid.  !
 1H NMR (400 MHz, CDCl3): δ = 2.02-2.05 (m, 4H), 3.28 (t, J = 6.8 Hz, 4H), 6.51 (s, 2H). 
13C{1H} NMR (100 MHz, CDCl3): δ = 25.2, 47.5, 109.2, 140.3, 154.0; Calcd for 




3) N,N-Bis[2-(6-bromo-4-piperidinopyridyl)]-p-toluidine (6a) 
 Preparation of 6a was carried out by a similar manner to that of 6b from 5a: 6a 
(32%). !
1H NMR (600 MHz, CDCl3): δ = 1.57-1.63 (m, 12H), 2.34 (s, 3H), 3.19 (t, J = 6.0 Hz, 
8H), 6.25 (d, J = 2.4 Hz, 2H), 6.51 (d, J = 1.8 Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H), 7.12 (d, J 
= 7.8 Hz, 2H); 13C{1H} NMR (100 MHz, CDCl3): δ = 21.1, 24.3, 25.1, 47.7, 100.1, 107.0, 
126.9, 129.9, 134.8, 141.1, 141.9, 157.6, 158.4; Calcd for C27H31Br2N5: C, 55.40; H, 
5.34; N, 11.96; Found: C, 55.70; H, 5.62; N, 12.1. !!
4) N,N-Bis[2-(6-bromo-4-pyrrolidinopyridyl)]-p-toluidine (6b) 
A mixture of 5b (323 mg, 1.00 mmol), p-toluidine (36.0 mg, 0.333 mmol), sodium-t-
butoxide (96.0 mg, 1.00 mmol), tris(dibenzylideneacetone)dipalladium(0) [Pd2(dba)3] 
(15.0 mg, 0.0170 mmol), and 9,9-dimethyl-4,5-bis-(diphenylphosphino)xanthene 
(XANTPHOS) (29.0 mg, 0.0500 mmol) were dissolved in toluene (15 mL). The reaction 
mixture was stirred at 100 °C for 18 h under a nitrogen atmosphere. After cooling to r.t., 
the mixture was filtered through celite and concentrated in vacuo. The crude product 
was purified by column chromatography on silica gel (ethyl acetate/hexane, 1:5) to 
afford 6b (45%) as a white solid.  !
1H NMR (270 MHz, CDCl3): δ = 1.95 (t, J = 6.2 Hz, 8H), 2.33 (s, 3H), 3.18 (t, J = 6.2 Hz, 
8H), 5.99 (d, J = 1.4 Hz, 2H), 6.27 (d, J = 1.1 Hz, 2H), 7.04-7.12 (m, 4H). 13C{1H} NMR 
(100 MHz, CDCl3): δ = 21.1, 25.2, 47.3, 98.6, 105.4, 126.9, 129.7, 134.6, 140.4, 142.2, 
154.3, 157.9; Calcd for C25H27Br2N5: C, 53.88; H, 4.88; N, 12.57; Found: C, 53.84; H, 
4.91; N, 12.46.  !
5) N,N-Bis[2-(6-bromo-4-pyrrolidinopyridyl)]-p-anisidine (6c) 
  A mixture of 5b (1.20 g, 4.0 mmol), p-anisidine (123 mg, 1.0 mmol), sodium-t-butoxide 
(480.5 mg, 5.00 mmol), tris(dibenzylideneacetone)dipalladium(0) [Pd2(dba)3] (45.7 mg, 
0.050 mmol), and XANTPHOS (86.8 mg, 0.15 mmol) were dissolved in toluene (40 mL). 
The reaction mixture was stirred for 18 h at 100 °C under a nitrogen atmosphere.  After 
cooling to r.t., the mixture was filtered through celite and concentrated in vacuo. The 
crude product was purified by column chromatography on silica gel (ethyl acetate/
hexane, 1:5) to afford 6c (298.1 mg, 52%) as a white solid.  !
1H NMR (400 MHz, CDCl3): δ 1.93-1.96 (m, 8H), 3.18 (t, J = 6.4 Hz, 8H), 3.81 (s, 3H), 
5.99 (d, J = 2.0 Hz, 2H), 6.25 (d, J = 1.6 Hz, 2H), 6.85-6.87 (m, 2H), 7.04-7.12 (m, 2H). 
13C{1H} NMR (100 MHz, CDCl3): δ 25.2, 47.3, 55.4, 97.9, 105.2, 114.5, 128.9, 137.6, 
140.3, 154.3, 157.2, 157.8; Calcd for C25H27Br2N5O: C, 52.37; H, 4.75; N, 12.22; Found: 
C, 52.40; H, 4.92; N, 12.16. ESI-MS Positive : 574.12 (m/z). Melting point: 212 °C. 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6) 2,6-Bis(p-tolylamino)-4-piperidinopyridine (7a) 
 Preparation of 7a was carried out by a similar manner to that of 7b from 5a: 7a 
(82%). !
 1H NMR (600 MHz, CDCl3): δ = 1.60 (br s, 6H), 2.33 (s, 6H), 3.19 (s, 4H), 5.85 (s, 2H), 
6.35 (s, 2H), 7.12 (d, J = 8.4 Hz, 4H), 7.18 (d, J = 8.4 Hz, 4H); 13C{1H} NMR (150 MHz, 
CDCl3): δ = 20.8, 24.5, 25.4, 48.1, 84.4, 121.0, 129.6, 131.7, 138.7, 156.6, 159.1; Calcd 
for C24H28N4: C, 77.38; H, 7.58; N, 15.04; Found: C, 77.61; H, 7.34; N, 14.94. !
7) 2,6-Bis(p-tolylamino)-4-pyrrolidinopyridine (7b) 
A mixture of 5b (306 mg, 1.00 mmol), p-toluidine (536 mg, 5.00 mmol), sodium-t-
butoxide (289 mg, 3.00 mmol), [Pd2(dba)3] (46.0 mg, 0.0500 mmol), and XANTPHOS 
(87.0 mg, 0.150 mmol) were dissolved in toluene (15 mL). The reaction mixture was 
stirred at 100 °C for 18 h under a nitrogen atmosphere. After cooling to r.t., the mixture 
was filtered through celite. The crude product was purified by column chromatography 
on aminopropylated silica gel (ethyl acetate/hexane, 1:3) to afford 7b (80%) as a white 
solid.  !
 1H NMR (270 MHz, CDCl3): δ = 1.91-1.96 (m, 4H), 2.31 (s, 6H), 3.22 (t, J = 6.5 Hz, 4H), 
5.55 (s, 2H), 6.21 (s, 2H), 7.10 (d, J = 8.4 Hz, 4H), 7.19 (d, J = 8.4 Hz, 4H). 13C{1H} 
NMR (100 MHz, CDCl3): δ = 20.8, 25.3, 47.2, 82.6, 120.9, 129.6, 131.6, 138.8, 155.3, 
156.1; Calcd for C23H26N4: C, 77.06; H, 7.31; N, 15.63; Found: C, 76.65; H, 7.27; N, 
15.52. !
8) 2,6-Bis(p-anisylamino)-4-pyrrolidinopyridine (7c) 
  A mixture of 5a (198 mg, 0.65 mmol), p-anisidine (398 mg, 3.2 mmol), sodium-t-
butoxide (311 mg, 3.2 mmol), [Pd2(dba)3] (29.6 mg, 0.030 mmol), and XANTPHOS (56.2 
mg, 0.090 mmol) were dissolved in toluene (15 mL).  The reaction mixture was stirred 
for 18 h at 100 °C under a nitrogen atmosphere.  After cooling to r.t., the mixture was 
filtered through celite. The crude product was purified by column chromatography on 
aminopropylated silica gel (gradient: ethyl acetate / hexane, 5:1 → 2:1) to afford 7c 
(233.5 mg, 92%) as a purple solid.   !
1H NMR (400 MHz, CDCl3): δ 1.89-1.92 (m, 4H), 3.17 (t, J = Hz, 4H), 3.79 (s, 6H), 5.38 
(s, 2H), 5.98 (s, 2H), 6.85 (dd, J = 6.4 Hz, 2 Hz, 4H), 7.22 (dd, J = 6.4 Hz, 2 Hz, 4H). 
13C{1H} NMR (100 MHz, CDCl3): δ 25.3, 47.2, 55.5, 81.3, 114.4, 121.9, 123.9, 134.1, 
155.6, 156.6; Calcd for C23H26N4O2: C, 70.75; H, 6.71; N, 14.35; Found: C, 70.35; H, 




9) N,N’,N’’-Tris(p-tolyl)azacalix[3](2,6)(4-piperidinopyridine) hydrogen bromide 
(2H•Br) 
Preparation of 2H•Br was carried out by a similar manner to that of 3H•Br from 6a 
and 7a: 2H•Br (84%). !
 1H NMR (600 MHz, CD3CN): δ = 1.26-1.30 (m, 12H), 1.39-1.43 (m, 6H), 2.38 (s, 9H), 
2.79 (t, J = 5.4 Hz, 12H), 5.15 (s, 6H), 7.23 (d, J = 7.8 Hz, 6H), 7.39 (d, J = 7.8 Hz, 6H), 
20.9 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ = 21.5, 23.9, 24.9, 47.6, 90.1, 99.9, 
129.6, 131.8, 136.6, 139.7, 152.6, 157.9; Calcd for C51H58BrN9: C, 69.85; H, 6.67; N, 
14.37; Found: C, 69.65; H, 6.75; N, 14.55; ESI-MS Positive : 797 (m/z); ESI-MS 
Negative : 79 (m/z) !
10) N,N’,N’’-Tris(p-tolyl)azacalix[3](2,6)(4-piperidinopyridine) (2) 
 Preparation of 2 was carried out by a similar manner to that of 3 from 2H•Br: 2. The 
1H NMR spectrum of the residual red solid indicates a quantitative formation of 2. !
 1H NMR (400 MHz, DMSO-d6): δ = 1.47 (br, 18H), 2.30 (s, 9H), 3.00 (br, 12H), 5.97 (s, 
6H), 7.06 (d, J = 8.0 Hz, 6H), 7.18 (d, J = 8.0 Hz, 6H). !!
11) N,N’,N’’-Tris(p-tolyl)azacalix[3](2,6)(4-pyrrolidinopyridine) hydrogen 
phosphate (3H•Br ) and N,N’ ,N ’ ’ -Tr is (p - to ly l )azaca l ix [3 ] (2 ,6 ) (4 -
pyrrolidinopyridine) hydrogen bromide (3H•PF6) 
A mixture of 6a (28.0 mg, 0.0500 mmol) and 7a (18.0 mg, 0.0500 mmol), CuBr (13.0 
mg, 0.0600 mmol) and K2CO3 (85.0 mg, 0.610 mmol) was dissolved in nitrobenzene (5 
mL). The reaction mixture was stirred at 190 °C (oil bath temp.; 240 °C) for 3 h under a 
nitrogen atmosphere. The solvent was removed under reduced pressure. The crude 
product was purified by column chromatography on aminopropylated silica gel (gradient: 
ethyl acetate/hexane 3:7 → chloroform → acetonitrile) to afford 3H•Br (72%) as a brown 
solid. 3H•Br (50.0 mg, 0.0590 mmol) was dissolved in chloroform (3 mL). The mixture 
was washed with 70 wt % NH4PF6 aq. (1 mL x 5). After the organic layer was separated, 
the solvent was removed under reduced pressure. 3H•PF6 was obtained as a brown 
solid.  !
 1H NMR (270 MHz, CDCl3): δ = 1.85 (s, 12H), 2.51 (s, 9H), 2.90 (s,12H), 4.90 (s, 6H), 
7.25 (d, J = 7.8 Hz, 6H), 7.42 (d, J = 7.8 Hz, 6H), 21.0 (s, 1H); 13C{1H} NMR (100 MHz, 
CDCl3): δ = 21.5, 25.0, 47.2, 88.5, 129.7, 131.7, 137.0, 139.6, 152.2, 154.4; Calcd for 
C48H52F6N9P: C, 64.06; H, 5.82; N, 14.01; Found: C, 64.12; H, 5.67; N, 13.63; ESI-MS 
Positive : 754 (m/z); ESI-MS Negative : 145 (m/z) !!!
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12) N,N’,N’’-Tris(p-tolyl)azacalix[3](2,6)(4-pyrrolidinopyridine) (3) 
 3H•Br (3.0 mg, 0.0030 mmol) was dissolved in chloroform (3 mL) under a nitrogen 
atmosphere. The mixture was washed with 2.5 wt % NaOH aq (5 mL x 5). After the 
organic layer was separated, the solvent was removed under reduced pressure. The 1H 
NMR spectrum of the residual red solid indicates a quantitative formation of 3. !
 1H NMR (270 MHz, DMSO-d6): δ = 1.81 (br, 12H), 2.27 (s, 9H), 3.00 (s, 12H), 5.66 (s, 
6H), 7.06 (d, J = 8.4 Hz, 6H), 7.13 (d, J = 8.1 Hz, 6H) !!
13) N,N’,N’’-Tris(p-anisyl)azacalix[3](2,6)(4-pyrrolidinopyridine) hydrogen bromide 
(4H•Br) 
 A mixture of 6c (24.2 mg, 0.042 mmol) and 7c (16.5 mg, 0.042 mmol), CuBr (7.90 
mg, 0.055 mmol) and K2CO3 (70.6 mg, 0.51 mmol) was dissolved in nitrobenzene (5 
mL). The reaction mixture was stirred for 3 h at 190 °C (oil bath temp.; 240 °C) under a 
nitrogen atmosphere.  The solvent was removed under reduced pressure.   The crude 
product was purified by column chromatography on aminopropylated silica gel (gradient: 
ethyl acetate / hexane 3:7 → chloroform → acetonitrile) to afford 4H•Br as a brown solid. 
4H•Br was purified by recrystallization from a chloroform/hexane to give white solid 
(31.9 mg, 86%).  !
1H NMR (400 MHz, CDCl3): δ 1.84-1.87 (m, 12H), 2.90-2.93(m, 12H), 3.94 (s, 9H), 4.92 
(s, 6H), 7.13-7.15 (m, 6H), 7.29-7.31 (m, 6H), 21.1 (s, 1H); 13C{1H} NMR (100 MHz, 
CDCl3): δ 24.9, 47.2, 55.8, 88.5, 116.1, 131.1, 132.1, 152.4, 154.4, 199.9; Calcd for 
C48H52BrN9O3: C, 65.30; H, 5.94; N, 14.28; Found: C, 65.01; H, 5.81; N, 14.25. ESI-MS 
Positive : 883.65 (m/z). The melting point of 4H•Br was not observed by melting point 
apparatus from room temperature to 300°C.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    !
14) N,N’,N’’-Tris(p-anisyl)azacalix[3](2,6)(4-pyrrolidinopyridine) (4) 
 4H•Br (5.0 mg, 0.0060 mmol) was dissolved in chloroform (1 mL) under a nitrogen 
atmosphere.  The solution was washed with 10 wt% NaOH aq (1 mL x 2). After the 
organic layer was separated, the solvent was removed under reduced pressure. The 1H 
NMR spectrum of the residual red solid indicates a quantitative formation of 4.  !
1H NMR (600 MHz, CD3CN): δ 1.76 (t, J = 6.6 Hz, 12H), 2.77-2.79 (m, 12H), 3.83 (s, 
9H), 4.87 (d, J = 2.4 Hz, 6H), 7.08 (d, J = 9.0 Hz, 6H), 7.32-7.33 (m, 6H); 13C{1H} NMR 






2.5.3.  X-ray experimental section !
The crystal structure of 2-4H•Br was determined by an X-ray diffractional study. 
Transparent single crystals of 2-4H•Br were obtained by the slow diffusion of hexane 
into its solution in dichloromethane. Intensity data was collected on a Bruker-APEX-II 
CCD diffractometer with MoKa radiation. A crystal was mounted on MicroMountsTM. 
Crystallographic data and details of refinement of the complex are summarized in CIF 
data. A full matrix least-squares refinement was used for non-hydrogen atoms with 
anisotropic thermal parameters method by SHELXL-97 program. Hydrogen atoms 
expect for H(1) of 3H•Br was placed at the calculated positions and were included in the 
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3.1.  緒言 
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3.3.  1,2-付加反応の評価 
!































































3.5.  Experimental Section !!
3.5.1.  General Information !
   The reagents and solvents were used after distillation.  !!
3.5.2.  General Method of 1,4-addition of nitromethane to α,β-unsaturated 
carbonyl compounds. 
 A mixture of 3 (75.4 mg, 0.10 mmol), nitromethane (107.4 µl, 2.0 mmol), mesityl 
oxide (228.8 µl, 2.0 mmol), in dehydrated isobutyronitrile (1 mL) was stirred under a 
nitrogen atmosphere.  After stirring under reflux for 12 h, the mixture poured into 
water and extracted with ethyl acetate.  The crude product was purified by column 
chromatography on silica gel (gradient, ethyl acetate / hexane = 1 : 10 to 1 : 4) to 
afford corresponding 1,4-adduct (308.8 mg, 97%).  The spectral data of the obtained 
1,4-adducts were identical to the previous references.[17] !!
3.5.3.  General Method of 1,4-addition of primary alcohol to α,β-unsaturated 
carbonyl compounds. 
 A mixture of 3 (150.8 mg, 0.20 mmol), mesityl oxide (228.8 µl, 2.0 mmol), in 
dehydrated methanol (1 mL) was stirred under a nitrogen atmosphere.  After stirring 
for the time and temperature indicated in Table 4, the mixture poured into brine and 
extracted with diethylether.  The crude product was purified by column 
chromatography on silica gel (gradient, ethyl acetate / hexane = 1 : 10 to 1 : 5) to 
afford corresponding 1,4-adduct (239.5 mg, 92%). The spectral data of the obtained 
1,4-adducts were identical to the previous references.[18] !!
3.5.4. General Method of 1,2-addition of nitromethane to aromatic 
aldehydes. 
 A mixture of 3 (37.7 mg, 0.050 mmol), nitromethane (1.0 ml, 18.7 mmol), 
benzaldehyde (101.9 µl, 1.0 mmol) was stirred under a nitrogen atmosphere.  After 
stirring under room temperature for 8 h, the solvent was removed.  The crude product 
was purified by column chromatography on silica gel (chloroform) to afford 
corresponding 1,2-adduct (162.2 mg, 97%).  The spectral data of the obtained 1,2-
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を有する環状化合物アザカリックス[n]ピリジン ( n = 3 - 8 )を、段階的に合成できる事を報告している
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を加え、0.05 Mのトルエン溶媒中80 °Cで3時間反応させた（Figure 4-13）。その結果、
2aH•PF6および3aを単離収率30%、21%と、希釈合成法と同程度が得られた（Table 4-6, 
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1H NMR測定を行った（Figure 4-17）。分子4と化合物4H•PF6の芳香族領域を拡大した1H 

















　 得られた1H NMRスペクトルを分子4の1H NMR と比較したところ、得られた化合物












4.5.3.  紫外可視吸収スペクトルを用いた環化４量体に対するテンプレート効果の検証 







































（Figure 4-22, 23）。 
!
!  
Figure 4-20. Changes in absorption spectra of 4 (1 x 10-5 M in acetonitrile at room 
temperature) upon the addition of nickel(II) chloride hexahydrate. !!
   "  
Figure 4-21. Changes in absorption spectra of 4 (1 x 10-5 M in acetonitrile at room 
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Figure 4-22. Changes in absorption spectra of 4 (1 x 10-5 M in acetonitrile at room 
temperature) upon the addition of Zn(COOCH3)2•6H2O. ! !
"  
Figure 4-23. Changes in absorption spectra of 4 (1 x 10-5 M in acetonitrile at room 
temperature) upon the addition of CaCO3. !
!89
　　　　　　　　　　　　　　　　　　　　Chapter 4











Figure 4-24. Job’s plot for the binding of Zn2+ to Ir complex and the theoretical fit in aerated 

























Figure 4-26. Job’s plot for the coordination of Ni2+ to 4. Conditions: the total concentration 
of nickel(II) chloride hexahydrate and 4 is 1 x 10-5 M in acetonitrile. Monitoring the peak at 




































Figure 4-28. Job’s plot for the coordination of Cu2+ to 4. Conditions: the total concentration 


































































Figure 4-30. Variation of absorbance at 380 nm of 4 with increasing nickel(II) chloride 
hexahydrate (1 x 10-5 M in acetonitrile at room temperature). The solid line is curve fitting 
based on the 1:1 formula. 
"  
Figure 4-31. Variation of absorbance at 284 nm of 4 with increasing copper(II) bromide (1 x 
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! !  
Figure 4-33. ORTEP drawing of 3a•Ni with thermal ellipsoids shown at the 30% probability 
level. Hydrogen atoms except for the proton of the methanol (H1), Cl anion, and 





















Figure 4-34. (a) Molecular structure of cis-Bis(2,2-bipyridine)dichloronickel(II)(6) and (b) its 
ORTEP drawing with thermal ellipsoids shown at the 30% probability level.[15] (c) Schematic 






a = 10.455 (3) A 
b = 13.830 (4) A 
c = 28.548 (10) A 
V = 4128 (2) A  3
Z = 8
Dx = 1.526 Mg m
 3
Cu K↵ radiation
Cell parameters from 25
reØections
✓ = 20.0±23.0 
  = 3.90 mm 1
T = 293 (2) K
Block, dark green




Absorption correction: by integra-
tion (ABSORP in NRCVAX;
Gabe et al., 1989)
Tmin = 0.432, Tmax = 0.593
22 288 measured reØections
3908 independent reØections
2054 reØections with I > 2 (I)
Rint = 0.073
✓max = 69.9 
h = 0 ! 12
k = 0 ! 16





ReÆnement on F 2
R[F 2 > 2 (F 2)] = 0.047











 ⇢max = 0.31 e A 
 3
 ⇢min =  0.65 e A   3
Extinction correction: SHELXL96
(Sheldrick, 1996)
Extinction coefÆcient: 0.00066 (5)
Table 1























Hydrogen-bonding geometry (A  ,  ).
D–H     A D–H H     A D     A D–H     A
O1–H1A     Cl1 0.82 2.63 3.276 (3) 137
O1–H1A     Cl2 0.82 2.78 3.467 (3) 143
H atoms were constrained to the parent site using a riding model
(C–H 0.93±0.96 and O–H 0.82 A  ). The isotropic displacement
parameters,Uiso, were adjusted to a value 50% higher than that of the
parent site (methyl and OH) and 20% higher (others).
Data collection: CAD-4 Software (Enraf±Nonius, 1989); cell
reÆnement: CAD-4 Software; data reduction: NRC-2 and NRC-2A
(Ahmed et al., 1973); program(s) used to solve structure: SHELXS97
(Sheldrick, 1997); program(s) used to reÆne structure: SHELXL96
(Sheldrick, 1996); molecular graphics: SHELXTL (Bruker, 1997);
software used to prepare material for publication: SHELXL96.
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Figure 1
The structure of the title complex showing 30% probability displacement











































4.8.  Experimental section 
4.8.1. General Information!
All chemicals were received from commercial suppliers and used without further 
purification. Anhydrous solvents were purchased from Kanto Chemical and used as a 
dry solvent. 2,6-Dibromo-4-pyrrolidinopyridine was prepared according to the literature 
methods.[9] NMR spectra were recorded on Bruker AVANCE-400 NMR spectrometer and 
AVANCE-600 NMR spectrometers. 1H and 13C{1H} spectra were measured with 
tetramethylsilane (TMS) as an internal standard.  Elemental analyses were carried out 
with a Perkin-Elmer 2400 CHN Elemental Analyzer. MALDI-TOF-MS spectra were 
recorded on AB SCIEX MALDI TOF/TOF 5800 using dithranol as a matrix.  UV-Vis 
spectra were recorded on a JASCO V-630 spectrophotometer. Column chromatography 
was carried out with silica gel 60 (Kanto, 40-100  µm, neutral) and aminopropylated 
silica gel. Purifications by High Performance Liquid Chromatography (HPLC) were 
carried out on a JAI LC-9201 using CHCl3 as an eluent.   !!
4.8.2. Synthesis of the starting materials!
1)  1a [ Known compound ][7]!
To a mixture of 2,6-dibromopyridine (7.11 g, 30.0 mmol), p-toluidine (3.22 g, 30.0 
m m o l ) i n a n h y d r o u s t e t r a h y d r o f u r a n ( 1 3 8 m L ) , N a H M D S ( s o d i u m 
bis(trimethylsilyl)amide) in anhydrous tetrahydrofuran (1.9 M, 32.0 mL, 60.8 mmol) was 
added and the mixture was stirred for 3 days at room temperature under nitrogen 
atmosphere. The reaction mixture was quenched with aqueous solution of ammonium 
chloride and the organic layer was extracted with ethyl acetate. The products was 
isolated by column chromatography on silica gel (hexane : ethyl acetate = 3 : 1) to give 
unit 1a as a white solid (7.24 g, 91%). !
2)  1b 
Preparation of 1b was carried out in a similar manner to that of 1a from 2,6-
dibromo-4-pyrrolidinopyridine and p-toluidine: 1b (79%). !
1H NMR (600 MHz, CDCl3): δ = 1.96 (s, 4H), 2.32 (s, 3H), 3.21 (s, 4H), 5.82 (s, 1H), 
6.13 (s, 1H), 6.32 (s, 1H), 7.12 (s, 4H). 13C{1H} NMR (150 MHz, CDCl3): δ = 156.6, 
154.7, 140.8, 137.7, 132.9, 129.9, 121.5, 102.7, 87.0, 47.3, 25.2, 20.8. Calcd for 
C16H18BrN3: C, 57.84; H, 5.46; N, 12.65; Found: C, 58.19; H, 5.59; N, 12.44. MALDI-




3)   1c!
Preparation of 1c was carried out in a similar manner to that of 1a from 2,6-
dibromo-4-pyrrolidinopyridine and p-anisidine: 1c (95%). !
1H NMR (600 MHz, CDCl3): δ = 1.94-1.96 (m, 4H), 3.20 (s, 4H), 3.81 (s, 3H), 5.63 (d, J 
= 1.8 Hz, 1H,), 6.11 (d, J = 1.8 Hz, 1H), 6.19 (s, 1H), 6.88 (d, J = 8.4 Hz, 2H), 7.17 (d, J 
= 9.0 Hz, 2H). 13C{1H} NMR (150 MHz, CDCl3): δ = 157.6, 156.4, 154.7, 140.9, 133.1, 
124.6, 114.6, 102.4, 86.4, 55.5, 47.2, 25.2. Calcd for C16H18BrN3O: C, 55.18; H, 5.21; N, 
12.07; Found: C, 55.30; H, 5.42; N, 11.72. MALDI-TOF-MS positive: 348.1 (m/z). !!
4.8.3. Synthesis of the model intermediate products!
1)  4 
A mixture of 2-dromopyridine (208 µL, 2.2 mmol), diamine (0.29 g, 1.0 mmol), 
Pd2(dba)3 (tris(dibenzylidene-acetone)dipalladium(0), 0.047 g, 0.050 mmol), DPPF (1,1’-
bis(diphenylphosphino)-ferrocene, 0.057 g, 0.10 mmol), NaOtBu (sodium tert-butoxide, 
0.2894 g, 3.0 mmol), in anhydrous toluene (15 mL) was stirred for 120 h at 90 °C under 
nitrogen atmosphere. The reaction mixture was filtrated through celite. The product was 
purificated by column chromatography on aminopropylated silica gel (gradient : hexane, 
hexane : ethyl acetate : chloroform = 2 : 1 : 1) to give 4 as brown solid (0.37 g, 85%). !
1H NMR (400 MHz, CDCl3): δ = 8.23 (dd, J = 1.2, 4.8 Hz, 2H), 7.34-7.29 (m, 3H), 7.16 
(d, J = 8.6 Hz, 4H), 7.09 (d, J = 7.8 Hz, 4H), 7.06 (d, J = 8.4 Hz, 2H),  6.78-6.76 (m, 2H), 
6.42 (d, J = 7.8 Hz, 2H), 2.35 (s, 6H). 13C{1H} NMR (100 MHz, CDCl3): δ = 157.7, 156.6, 
148.0, 142.2, 138.9, 138.9, 136.7, 135.4, 130.3, 128.0, 117.4, 117.0, 109.0, 21.2. Calcd 
for C29H25N5: C, 78.53; H, 5.68; N, 15.79; Found: C, 78.65; H, 5.84; N,15.41. MALDI-
TOF-MS Positive : 443.2 (m/z). !
2)  diamine [ Known compound ] 
The diamine was synthesized by previous method.[7] !
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4.8.4. General Ullmann reaction of the azacalix[3](2,6)pyridines via proton 
template method 
1)  2aH•Br [ Known compound ][3] 
A mixture of 1a (263.2 mg, 1.0 mmol), copper (I) bromide (172.0 mg, 1.2 mmol) and 
potassium carbonate (1.7 g, 12 mmol) was dissolved in nitrobenzene (58 mL, 0.017 M). 
The reaction mixture was stirred for 3 h at 240 °C under nitrogen atmosphere. After 
cooling to room temperature, the solvent was removed under reduced pressure. The 
crude products was extracted with chloroform and purified by column chromatography 
on aminopropylated silica gel (gradient: ethyl acetate : hexane = 1 : 4, chloroform, 
acetonitrile) to afford 2aH·Br as a brown solid. 2aH·Br was purified by washing with 
diethyl ether (yellow solid, 167.4 mg, 80%).  !
2)  2bH•Br [ Known compound ][3] 
Preparation of 2bH·Br was carried out in a similar manner to that of 2aH·Br from 1b 
(brown solid, 261.6 mg, 94%). !
3)  2cH•Br [ Known compound ][3] 
Preparation of 2cH·Br was carried out in a similar manner to that of 2aH·Br from 1c 
(brown solid, 270.8 mg, 92%). !!!
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4.8.5. General Ullmann reaction of the azacalix[4](2,6)pyridines via Ni2+ template 
method.!
1)  3a [ Known compound ][7] 
A mixture of 1a (263.3 mg, 1.0 mmol), nickel(II) chloride (134.5 mg, 1.0 mmol), 
copper (I) bromide (179.0 mg, 1.2 mmol) and potassium carbonate (1.7 g, 12.0 mmol) 
was dissolved in nitrobenzene (20 mL). The reaction mixture was stirred for 3 h at 240 
°C under nitrogen atmosphere. The solvent was removed under reduced pressure. After 
adding chloroform, the reaction mixture was filtrated through celit. To remove Ni2+, 10 wt
% sodium hydroxide aqueous solution was added to the organic layer. After 2 h stirring, 
the organic layer was extracted with chloroform and aqueous solution of ammonium 
hexafluorophosphate was added to the solution. After stirring the mixture for 1 h, the 
organic layer was separated and dried under reduced pressure. The crude products was 
purified by column chromatography on aminopropylated silica gel (gradient: hexane, 
chloroform, chloroform : acetonitrile = 2 : 1, acetonitrile). After purifying by HPLC, 
compound 3a was obtained as yellow solid (72.9 mg, 40%). 2aH•PF6 was also obtained 
as brown solid (11.5 mg, 5%). !
2) 3b 
Preparation of 3b was carried out in a similar manner to that of 3a from 1b (brown 
solid, 143.3 mg, 57%) and 2b (brown solid, 68.9 mg, 23%). !
3)  3c 
Preparation of 3c was carried out in a similar manner to that of 3a from 1c (brown 
solid, 122.9 mg, 46%) and 2cH•PF6 (brown solid, 50.6 mg, 16%). 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4.8.6. General Ullmann reaction via Cu2+ template method. 
A mixture of 1a (263.3 mg, 1.0 mmol), copper(II) bromide (as a template, 223.4 mg, 1.0 
mmol), copper(I) bromide (179.0 mg, 1.2 mmol) and potassium carbonate (1.7 g, 12.0 
mmol) was dissolved in nitrobenzene (20 mL). The reaction mixture was stirred for 3 h at 
240 °C under nitrogen atmosphere. The solvent was removed under reduced pressure. 
After adding chloroform, the reaction mixture was filtrated through celit. To remove metal 
cation from reaction mixture, EDTA (pH = 8) was added to the solution. After 2 h stirring, 
the organic layer was separated and dried under reduced pressure. The crude products 
was purified by column chromatography on aminopropylated silica gel (gradient: 
hexane, chloroform, chloroform : acetonitrile = 2 : 1, acetonitrile). After washed with 
diethyl ether and dried under reduced pressure, compound 2aH•Br was obtained as 
brown solid (173.6 mg, 83%). !
The Ullmann reactions using other templates such as Zn(COOCH3)2•6H2O (zinc 
diacetate hexahydrate), CaCO3 (calcium carbonate), and MgOtBu (magnesium bis-tert-
butoxide) were carried out in a similar manners to that of reaction of copper(II) bromide. !!
4.8.7. General method of the Buchwald-Hartwig reaction.!
A mixture of Pd2(dba)3 (Tris(dibenzylideneacetone) dipalladium(0), 0.0095 g, 0.01 
mmol), XANTPHOS (4,5-bis(diphenylphosphino)-9,9-dimethylxanthene) (0.02 mmol, 
0.0117 g), NaOtBu (0.0371 g, 0.375 mmol), nickel(II) chloride (1.5 mmol, 0.194 g) was 
dissolved in anhydrous toluene (2 ml) under nitrogen atmosphere for 30 min at 80 °C. 
1a (0.0659 g, 0.25 mmol) in anhydrous toluene (3 ml) was added to the mixture. After 
stirring for 3 h at 80 °C under nitrogen atmosphere, the mixture was filtrated through 
celit. Ethylene-5-tetraacetic acid disodium salt (EDTA, pH = 8) was added to the 
solution. After 2 h stirring, the organic layer and aqueous layer was separated and 
aqueous solution of ammonium hexafluorophosphate was added to the solution. After 
stirring the mixture for 1 h, the organic layer was separated and dried under reduced 
pressure. The products was purificated by column chromatography on aminopropylated 
silica gel (gradient: hexane, hexane : ethyl acetate = 4 : 1, chloroform, acetonitrile). After 





4.8.8. X-ray Crystal Structure Determinations, Crystal Data.!
The crystal structure of 3a•Ni was determined by an X-ray diffraction study. 
Compound 3a in 4 mL dichloromethane and nickel(II) chloride hexahydrate in 1 mL 
methanol were then mixed and stirred 15 minutes at room temperature. Slow diffusion of 
diethyl ether into the mixture generated green single crystals of 3a•Ni were obtained; the 
crystals included one Cl anion, one coordinated Cl anion, one coordinated methanol 
molecule, one solvated methanol molecule, and one NiCl2(CH3OH)4 molecule, which 
was disordered in the crystal. Intensity data was collected on a Bruker-APEX-II CCD 
diffractometer with MoKα radiation (λ = 0.71069 Å). A crystal was mounted on 
MicroMounts. Crystallographic data and details of refinement of the complex are 
summarized in the CIF data. A full matrix least-squares refinement was used for non-
hydrogen atoms with anisotropic thermal parameters method by a Direct Methods 
(SHELXD) program. Hydrogen atoms were placed at the calculated positions and were 
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Hg(1)-N(3), Hg(1)-I(1), and Hg(1)-I(2) are 2.400(12),
2.430(13), 2.4805(16), and 2.4961(16) A˚, respectively. The
O-H 3 3 3N hydrogen bonds are associated with the H 3 3 3N
distances of 2.21 A˚, and the O-H 3 3 3N angles of 156!. The
binuclear moieties are also linked by intermolecular hydro-
gen bonds to afford a 1D structure.
From the above structural results, it is demonstrated that
the structures of the metal complexes are strongly dependent
on the metal cations and the counteranions. The Hg(II)
atoms in all complexes have tetrahedral coordination envir-
onments, whereas the Cd(II) centers have octahedral coor-
dination geometries when Cl- is used as the anion, affording
3D and 2D coordination networks as observed for com-
plexes 4 and 13, respectively. In other Cd(II) complexes,
Cd(II) have tetrahedral coordination geometries. These obser-
vations are consistent with the tendency of Cd(II) to form
octahedral configuration and bridged polymeric 2D and 3D
networks, especially when Cl- is used for coordination, as
have been observed in a variety of complexes.20
Photoluminescence. Photoluminescence properties of d10
metal coordination compounds have been extensively stu-
died due to their potential applications as luminescent
materials.21 Ligands L1, L2, and complexes 1-18 exhibit
photoluminescence in the solid state at room temperature
(Figure 8 (under UV light) and Figure S14 (shows the
photograph takenunder ambient light). The emission intensity
and color strongly depend on themetal centers and the anions.
The colors vary from violet (for 8 and 16) to yellow (for 1).
To more clearly understand the luminescent properties,
the emission spectra of the compounds were measured in the
solid state. The ligand L1 exhibits a medium-intensity emis-
sion centered at 411 nm (Figure 9) upon excitation at 315 nm.
For complexes 1, 2, 4, and 5, intense emission bands are
observed at 529, 493, 435, and 471 nm, respectively, upon
excitation at 320, 325, 310, and 310 nm, respectively. The
origin of the broad and red-shifted emission bands may be
tentatively attributed to the contribution of ligand-to-metal
charge transfer (LMCT), which results in the rearrangement
of energy levels.14a,22 The differences in the band positions
might also be related to the differences in the metal centers
and the local coordination environments.23 The significantly
stronger fluorescence of these complexes compared with
ligand L1 may be ascribed to the coordination effect, which
effectively reduces the loss of energy through a nonradiative
Figure 6. (A) A chain structure of 16. (B) Arrangement of the
chains showing interchain π 3 3 3π interactions. (C) Space filling
model showing the channel along the c axis. DMF molecules are
omitted for clarity. Blue, N; gray, C; magenta, Hg; green, Br.
Figure 7. A one-dimensional structure of 17 formed by the
O-H 3 3 3N hydrogen bonds between H atoms of lattice waters
and the N atoms of the 2,20-dpa moieties. H attached to carbons
are omitted for clarity.
Figure 8. The photograph of L1, L2, and compounds 1-18 taken
under UV light (λ= 365 nm).
Figure 9. Emission spectra of L1 and compounds 1-9 in the solid
state at room temperature.
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nitrogen atoms of the bridging amino groups adopt sp2
configurations, and the macrocycle is derived from four
benzene rings and four conjugated 2,6-bis(methylamino)pyr-
idine planar units. Second, the molecule forms a large,
diamond-shaped cavity in which the longest distance between
two opposite benzene rings is 12.2! (Figure 2, top view). In
addition, the whole cavity of the molecule is composed of two
identical partial cone loops consisting of one benzene and two
2,6-bis(methylamino)pyridine planar segments. These two
loops of opposite orientation are connected by two benzene
moieties such that the molecule has S2 symmetry. Accord-
ingly, there are two sets of four cis-configured methyl groups
(rccctttt) attached to the bottom rims of the two partial cone
loops. The conformation of the molecule can thus be viewed
as a 1,2,3-partial cone, resembling a do ble-ended spoon
(Figure 2, side view). Furthermore, four pyridine nitrogen
atoms lie on one plane, while eight bridging nitrogen atoms
form another two rectangular planes.
Azacalix[m]arene[n]pyridines exhibit interesting [60]full-
erene-complexation properties that depend on the size of the
macrocyclic ring. By means of spectrophotometric measure-
ments, for example, we found that 7 can strongly complex
[60]fullerene, whereas its smaller homologue 6 has no affinity
towards [60]fullerene. On addition of 7 to a solution of
[60]fullerene in toluene, the absorption at 437.5 nm in the
UV/Vis spectrum increases in intensity and shifts gradually to
452.5 nm (Supporting Information, Figure S1). The interac-
tion of 7 with [60]fullerene was clearly evidenced by a color
change of [60]fullerene in toluene from characteristic red-
purple to light brown (Figure 3). A Job plot[10c,24] indicated 1:1
complexation of 7 with [60]fullerene in toluene (Supporting
Information, Figure S2). To further study the recognition of
[60]fullerene by 7, a fluorescence titration was conducted
(Figure 4). The fluorescence intensity of 7 at about lem=
402 nm decreased constantly with increasing concentration
of [60]fullerene. To eliminate the competitive absorption of
[60]fullerene at both the excitation and emission wavelengths,
the fluorescence intensity Fexp of 7 was calibrated to Fcal
according to a literature method.[25] The quenching was
found to follow a Stern–Volmer equation, and the depend-
ence of calibrated F0/Fcal on the concentration of [60]fullerene
is illustrated in the inset to Figure 4. The stability constant Ks
calculated from the plot of F0/Fcal versus [60]fullerene
concentration is 70680! 2060m"1.[26] To the best of our
knowledge, this is the largest Ks value obtained up to date
for complexation of [60]fullerene with a mono-macrocyclic
receptor other than molecular clefts such as biscalix[n]ar-
enes[10] and “jaws porphyrins”.[11]
Azacalix[4]arene[4]pyridine 7 has even higher complex-
ation capability towards [70]fullerene. As indicated by the
Figure 2. X-ray crystal structure of 7.
Figure 3. Color change from red-purple (left,
[C60]=1.084!10
"4 moldm"3) to light brown (right) on complexation
with 6 (middle, colorless, 1.084!10"4 moldm"3).
Figure 4. Emission spectra (lexc=336 nm) of 7 (3.423!10
"6 moldm"3)
in the presence of C60 in toluene at 25 8C. The concentrations of C60 for
curves a–j (from top to bottom) are 0.0, 1.419, 2.837, 4.256, 5.675,
7.093, 8.512, 9.931, 11.349, and 12.768!10"6 moldm"3. Inset:
Variation of fluorescence intensity F0/Fcal of 7 with increasing C60
concentration.
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ation capability towards [70]fullerene. As indicated by the
Figure 2. X-ray crystal structure of 7.
Figure 3. Color change from red-purple (left,
[C60]=1.084!10
"4 moldm"3) to light brown (right) on complexation
with 6 (middle, colorless, 1.084!10"4 moldm"3).
Figure 4. Emission spectra (lexc=336 nm) of 7 (3.423!10
"6 moldm"3)
in the presence of C60 in toluene at 25 8C. The concentrations of C60 for
curves a–j (from top to bottom) are 0.0, 1.419, 2.837, 4.256, 5.675,
7.093, 8.512, 9.931, 11.349, and 12.768!10"6 moldm"3. Inset:
Variation of fluorescence intensity F0/Fcal of 7 with increasing C60
concentration.
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Figure S5. Emission spectra (Oex = 335 nm) of 13 (3.2×10-6 mol.dm-3) in the presence of C60 in toluene at 
25qC. The concentrations of C60 for curves a-n (from top to bottom) are 0, 0.799, 1.60, 2.40, 3.20, 4.00, 4.80, 
5.59, 6.39, 7.19, 7.99, 8.79, 9.59, 10.39 (×10-6 mol.dm-3). Insets: The up inset is the variation of 
fluorescence intensity F0/Fcal of 13 with increasing C60 concentration. The down inset is the Job plot for 





































































































































































BPn（n = 8-12）の項間交差の速度が求められている。ベンゼン環の炭素鎖をn = 12からn 
= 11, 10, 9, 8と短くしていくと、ベンゼン環はカルボニル基の平面に対してθ = 約33 °から






























































































100 °C, 18 h
+
diamineditolyl-unit





































Figure 5-12. UV-Vis absorption spectra and photoluminescence spectra of (a) 1 (at RT and 
77 K both λex = 320 nm), (b) 2 (at RT and 77 K both λex = 360 nm) and (c) 3 (at RT: λex = 
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Figure 5-13. Emission-decay curves. !
  
















































近似され、二つのナノ秒の蛍光成分（Table 5-2, τ1, τ2 at RT / ns）が観測された（Figure 5-





大とするリン光の寿命は、それぞれ525 ms、210 msである事がわかった（Table 5-2, τ4 at 










遅延蛍光である事が言える。従って、これらの分子1ー3の遅延発光成分（Table 5-2, τ3 at 








Figure 5-15. Emission-decay curves of 1ー3 in degassed Me-THF solution of 1.0 x 10-5 M 
at RT of 1 (λex = 380 nm, λem = 422 nm, black line), 2 (λex = 380 nm, λem = 441 nm, blue 
line), 3 (λex = 360 nm, λem = 421 nm, red line). !!!
"   
Figure 5-16. Emission-decay curves of 1ー3 in degassed Me-THF solution of 1.0 x 10-5 M 
at 77 K glass matrix state of 1 (λex = 373 nm, λem = 422 nm, black line), 2 (λex = 373 nm, λem 











































Figure 5-17. Emission-decay curves of long-lived components at 77 K glass matrix state in 
degassed Me-THF solution of 1.0 x 10-5 M of 1 (λex = 373 nm, λem = 422 nm, black line), 2 
























 1: tau = 514 ms
 2: tau = 382 ms















































































     
  
    
Figure 5-19. Time-dependent PL spectra at 77 K in degassed 2-Me-THF, 1.0 x 10-5 M 















































































　計算には、全てGauss View 5 と Gaussian 09 Wプログラム を用いた[19]。分子1および3
































あるのに対して開きがある。一方分子2と3では、ΔESTがそれぞれ0.72 eV, 0.65 eVと求ま
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　次に、各分子1ー3における最高被占軌道（Highest Occupied Molecular Orbital: HOMO）
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Figure 5-23. Pictorial representations of the frontier MOs of compounds (a) 1, (b) 2 and (c) 
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Figure 5-24. Energy diagram of 1 within Hückel approximation (The Coulomb integrals of 
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Figure 5-25. Pictorial representations of the frontier MOs of compound 1 within Hückel 
approximation (The Coulomb integrals of nitrogen of amino group and pyridine moiety and 
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　第五章では、これまで研究されていなかったアザカリックス[n]ピリジン誘導体（n = 3 : 
















5.6. Experimental section !!
5.6.1. General Information.!!
All chemicals were received from commercial suppliers and used without further 
purification. Anhydrous solvents without 2-methyltetrahydrofuran were purchased from 
Kanto Chemical and used as a dry solvent. 2-Methyltetrahydrofuran (anhydrous, inhibitor-
free, ≥99%) was purchased from Sigma-Aldrich®. All reactions were carried out under 
nitrogen atmosphere using a standard Schlenk technique. Column chromatography was 
carried out with silica gel 60 (Kanto, 40-100  µm, neutral). Purifications by High 
Performance Liquid Chromatography (HPLC) were carried out on a JAI LC-9201 using 
chloroform as an eluent. NMR spectra were recorded on a Bruker AVANCE-400 NMR 
spectrometer and a Bruker AVANCE-600 NMR spectrometer. 1H and 13C{1H} spectra were 
measured with tetramethylsilane (TMS) as internal standard. Elemental analyses were 
carried out with a Perkin-Elmer 2400 CHN Elemental Analyzer. MALDI-TOF-MS spectra 
were recorded on AB SCIEX MALDI TOF/TOF 5800 using dithranol as a matrix.  !!
All optical measurements were carried out using degassed 2-Me-THF as solvent in a 
concentration of 1 x 10-5 M. UV-Vis spectra were recorded on a JASCO V-630 
spectrophotometer. Phosphorescence lifetime measurements of 2 and PL spectra of 1–3 
were measured by a HITACHI F-2700 fluorescence spectrophotometer.  Emission lifetimes 
of the fluorescence and delayed fluorescence at 420 nm were measured using a HORIBA 
FluoroCube (luminous source is NanoLED). Fluorescence quantum yields were obtained 
by a Hamamatsu Photonics absolute PL quantum yield measurement system C9920-02 





Scheme 1.  Synthesis of compound 2. a) p,p’-ditolylamine, KHMDS 1.0 M in THF solutions, 
THF, room temperature, 2 h; b) p-toluidine, Pd2(dba)3, XANTPHOS, toluene, 100 °C, 18 h; 
c) Pd2(dba)3, DPPF, toluene, 100 °C, 18 h. !!!
1)  diamine : The diamine was synthesized by previous method.[24] !
2)  ditolyl-unit 
A mixture of 2,6-dibromopyridine (1.51 g, 5.0 mmol) and p,p’-ditolylamine (0.538 g, 
5.0 mmol) in dehydrated tetrahydrofuran (5 mL), a dehydrated tetrahydrofuran solution (1.0 
M) of potassium bis(trimethylsilyl)amide (KHMDS) (10 mL, 10 mmoL) was added, and the 
reaction mixture was stirred for 2 hours at room temperature under nitrogen atmosphere. 
The products were quenched with NH4Cl aq. and extracted with ethylacetate. The oily 
product was isolated by column chromatography on silica-gel (hexane : ethylacetate = 3 : 
2) as a yellow solid. After purifing by HPLC, ditolyl-unit was obtained as a yellow solid 
(0.422 g, 24%). !
1H NMR (600 MHz, CDCl3): δ = 7.17 (dd, J = 8.4 Hz, 7.6 Hz, 1H), 7.13-7.06 (m, 8H), 6.85 
(dd, J = 7.2 Hz, 0.8 Hz, 1H), 6.48 (dd, J = 8.0 Hz, 0.4 Hz, 1H), 2.32 (s, 6H). 13C{1H} NMR 
(150 MHz, CDCl3): δ = 158.76, 142.64, 139.79, 139.07, 134.84, 130.03, 126.48, 118.42, 
110. 44, 21.04. Calcd for C19H17BrN2: C, 64.60; H, 4.85; N, 7.93; Found: C, 64.88; H, 4.88; 
















Scheme S1.  Synthesis of compound 2. a) p,p’-ditolylamine, KHMDS 1.0 M in THF solutions, THF, room temperature, 2 h; 
b) p-toluidine, Pd2(dba)3, XANTPHOS, toluene, 100 °C, 18 h; c) Pd2(dba)3, DPPF, toluene, 100 °C, 18 h. 
 
a)  diamine : The diamine was synthesized by previous method.[1] 
 
b)  ditolyl-unit 
A mixture of 2,6-dibromopyridine (1.51 g, 5.0 mmol) and p,p’-ditolylamine (0.538 g, 5.0 mmol) in dehydrated tetrahydrofuran 
(5 mL), a dehydrated tetrahydrofuran solution (1.0 M) of potassium bis(trimethylsilyl)amide (KHMDS) (10 mL, 10 mmoL) 
was added, and the reaction mixture was stirred for 2 hours at room temperature under nitrogen atmosphere. The products were 
quenched with NH4Cl aq. and extracted with ethylacetate. The transparent oily product was isolated by column 
chromatography on silica-gel (hexane : ethylacetate = 3 : 2) as a yellow solid. After purifing by HPLC, ditolyl-unit was 
obtained as a yellow solid (0.422 g, 24%). 
1H NMR (600 MHz, CDCl3): δ = 7.17 (dd, J = 8.4 Hz, 7.6 Hz, 1H), 7.13-7.06 (m, 8H), 6.85 (dd, J = 7.2 Hz, 0.8 Hz, 1H), 6.48 
(dd, J = 8.0 Hz, 0.4 Hz, 1H), 2.32 (s, 6H). 
13C{1H} NMR (150 MHz, CDCl3): δ = 158.76, 142.64, 139.79, 139.07, 134.84, 130.03, 126.48, 118.42, 110. 44, 21.04. 
Calcd for C19H17BrN2: C, 64.60; H, 4.85; N, 7.93; Found: C, 64.88; H, 4.88; N, 7.75.  
MALDI-TOF-MS Positive : calcd. for C19H17BrN2: 352.06 [m/z]; found, 352.06 [m/z]. 
 
c)  Compound 2 
 A mixture of ditolyl-unit (158 mg, 0.51 mmol), diamine (74.0 mg, 0.26 mmol), sodium-t-butoxide (123 mg, 1.3 mmol), 
tris(dibenzylideneacetone)dipalladium(0) [Pd2(dba)3] (11 mg, 0.013 mmol), and 1,1'-bis(diphenylphosphino)ferrocene (DPPF) 
(21 mg, 0.038 mmol) were dissolved in toluene (15 mL). The reaction mixture was stirred for 18 h at 100 °C under a nitrogen 
atmosphere. After cooling to room temperature, the mixture was filtered through celite and concentrated in vacuo.  The crude 
product was purified by column chromatography on aminopropylated silica gel (ethylacetate : hexane = 1 : 10) to afford 
compound 2 (212 mg, 98%) as a yellow soli . After purifing by HPLC compound 2 was obtained as a yellow solid (188 mg, 
87%). 
1H NMR (400 MHz, CDCl3): δ = 6.91-7.05 (m, 27H), 6.43 (d, J = 8.0 Hz, 2H), 6.30 (d, J = 7.8 Hz, 2H), 6.10 (d, J = 8.0 Hz, 
2H), 2.35 (s, 6H), 2.30 (s, 12H).  
13C{1H} NMR (150 MHz, CDCl3): δ = 157.10, 155.86, 155.36, 143.40, 142.11, 137.73, 137.33, 134.65, 133.33, 129.60, 
129.48, 128.84, 126.40, 107.78, 106.94, 104.76, 21.10, 20.92. 
Calcd for C57H51N7: C, 82.08; H, 6.16; N, 11.76; Found: C, 81.86; H, 5.84; N,11.78.  
MALDI-TOF-MS Positive :  calcd. for C57H51N7: 833.42[m/z]; found, 833.42 [m/z]. 
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3)  Compound 2 
 A mixture of ditolyl-unit (158 mg, 0.51 mmol), diamine (74.0 mg, 0.26 mmol), 
sodium-t-butoxide (123 mg, 1.3 mmol), tris(dibenzylideneacetone)dipalladium(0) 
[Pd2(dba)3] (11 mg, 0.013 mmol), and 1,1'-bis(diphenylphosphino)ferrocene (DPPF) (21 
mg, 0.038 mmol) were dissolved in toluene (15 mL). The reaction mixture was stirred for 18 
h at 100 °C under a nitrogen atmosphere. After cooling to room temperature, the mixture 
was filtered through celite and concentrated in vacuo.  The crude product was purified by 
column chromatography on aminopropylated silica gel (ethylacetate : hexane = 1 : 10) to 
afford compound 2 (212 mg, 98%) as a yellow solid. After purifying by HPLC, compound 2 
was obtained as a yellow solid (188 mg, 87%). !
1H NMR (400 MHz, CDCl3): δ = 6.91-7.05 (m, 27H), 6.43 (d, J = 8.0 Hz, 2H), 6.30 (d, J = 
7.8 Hz, 2H), 6.10 (d, J = 8.0 Hz, 2H), 2.35 (s, 6H), 2.30 (s, 12H). 13C{1H} NMR (150 MHz, 
CDCl3): δ = 157.10, 155.86, 155.36, 143.40, 142.11, 137.73, 137.33, 134.65, 133.33, 
129.60, 129.48, 128.84, 126.40, 107.78, 106.94, 104.76, 21.10, 20.92. Calcd for C57H51N7: 
C, 82.08; H, 6.16; N, 11.76; Found: C, 81.86; H, 5.84; N,11.78.  MALDI-TOF-MS Positive : 
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Figure 6-1. The schematic drawing of this Dr. thesis. 
本論文における目的と概念図
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